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Use of HPPD inhibitors as selection agents in the transformation of plants 

The present invention relates to the use of HPPD inhibitors as selection agents in the 
transformation of plant cells and of plants by genetic engineering. The transformation of 
plant cells and of plants by genetic engineering generally consists in introducing a foreign 
or heterologous gene encoding a protein of interest into the genome of the plant cells or of 
the plants which contain them. Once it has integrated into the genome of the plant cells, 
this heterologous gene is then expressed so as to confer on said cells and on said plants 
which contain them a novel characteristic related to the function of the heterologous gene 
which is expressed. 

Many techniques for transforming plant cells and plants by genetic engineering have 
been developed and thoroughly described in the literature. Firstly, methods which seek to 
introduce a DNA fragment carrying the heterologous gene in the form of "naked DNA" 
may be distinguished. This involves, in particular, bombarding cells, protoplasts or tissues 
with particles to which the DNA sequences are attached. Other methods may be used, such 
as microinjection or electroporation, or alternatively direct precipitation using PEG. 
Secondly, methods consisting in using, as a means of transfer into the plant, a heterologous 
chimeric gene in an agrobacterium tumefaciens Ti plasmid or an agrobacterium rhizogenes 
Ri plasmid will be distinguished. Those skilled in the art will choose the suitable method 
depending on the nature of the plant cell or of the plant to be transformed. Mention will in 
particular be made of the following Patents and Patent Applications: US 4,459,355, US 
4,536,475, US 5,464,763, US 5,177,010, US 5,187,073, EP 267,159, EP 604 662, EP 672 
752, US 4,945,050, US 5,036,006, US 5,100,792, US 5,371,014, US 5,478,744, US 
5,179,022, US 5,565,346, US 5,484,956, US 5,508,468, US 5,538,877, US 5,554,798, US 
5,489,520, US 5,510,318, US 5,204,253, US 5,405,765, EP 442 174, EP 486 233, EP 
486 234, EP 539 563, EP 674 725, WO 91/02071 and WO 95/06128. 

The methods for transforming plant cells generally comprise the following steps: 

a) preparing competent plant cells capable of receiving the heterologous gene 
in a suitable medium, 

b) transforming the competent cells with the heterologous gene, 

c) growing and selecting the transformed cells comprising the heterologous 
gene in a suitable medium. 

The competent plant cells may be embryogenic calluses, cell cultures on a solid 
support or in suspension, or embryogenic tissues, which are well known to those skilled in 
the art and widely described in the literature. 
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The production of transgenic plants, comprising the heterologous gene integrated 
into their genome, then consists in carrying out the following steps of: 

d) regenerating plants from the transformed cells in one or more suitable media 
and, where appropriate, 
5 e) producing and recovering the seeds of the fertile transformed plants. 

The pollination of the regenerated plants in order to produce the seeds of the fertile 
transformed plants takes place either by self-pollination or by cross-pollination with a 
nontransformed variety of the same plant or, optionally, with another variety which has 
stably integrated another heterologous gene into its genome. 
10 The seeds of the transformed plants are then used in conventional selection 

programmes in order to produce novel varieties of transgenic plants which have stably 
integrated the heterologous gene into their genome. Such selection programmes are well 
known to those skilled in the art and comprise evaluating the agronomic properties of the 
plants produced and of their descendants, in particular with respect to the agronomic 
1 5 properties related to the expression of the heterologous gene. 

The transformed cells are selected using a selection marker gene. Such marker genes 
and their use in transforming host organisms are well known to those skilled in the art and 
are widely described in the literature. 

Among the genes encoding selection markers, mention may be made, firstly, of the 
20 genes encoding easily identifiable enzymes such as the GUS enzyme (or GFP, "Green 
Fluorescent Protein"), and genes encoding pigments or enzymes which regulate the 
production of pigments in the transformed cells. Mention will be made, secondly, of the 
genes for resistance to antibiotics and the genes for tolerance to herbicides (bialaphos, 
glyphosate or isoxazoles). In this case, the selection takes place by introducing into the 
25 medium suitable for the growth and selection of the transformed cells a selection agent of 
the antibiotic or herbicide type which is lethal for the nontransformed cells, only the cells 
comprising the gene for resistance to antibiotics or to herbicides being capable of growing 
on the selection medium. Such selection marker genes are in particular described in Patent 
Applications EP 242 236, EP 242 246, GB 2 197 653, WO 91/02071, WO 95/06128, WO 
30 96/38567, WO 97/04103 or WO 99/24585. 

The selection marker genes are introduced into the host cells simultaneously with the 
heterologous gene, either in the same vector, the two genes being associated in a 
convergent, divergent or colinear manner (WO 95/06128, US 5 731 179), or in two vectors 
used simultaneously for transforming the plant cells. Under certain conditions 
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(US 5 731 179), and in particular when the heterologous gene and the selection marker 
gene are introduced separately in two vectors, simultaneously, the heterologous gene 
encoding a protein of interest and the selection marker gene may integrate on two different 
chromosomes in the genome of the transformed plant. It is possible, after recovering fertile 
5 transformed plants, to eliminate the marker gene in order to produce transformed plants 
comprising only the heterologous gene encoding a protein of interest. This elimination 
takes place by self-fertilization or by crossing the transformed plants comprising the 
heterologous gene and the selection marker gene with a nontransformed variety of the 
same plant, the segregation of the two genes occurring in conventional Mendelian fashion, 

10 When the heterologous gene encoding a protein of interest is a herbicidal tolerance 

gene, the heterologous gene alone may be used as the selection marker in the process for 
transforming the plant cells or the plants. 

The use of genes for tolerance to herbicides which are HPPD inhibitors, as selection 
markers in the processes for transforming plant cells and plants, has been described in the 

15 literature (WO 96/38567, WO 99/24585). The HPPD inhibitor is introduced into the 
culture medixmi of the cells after transformation (step c), in the same way as the other 
selection agents, according to the usual practices of those skilled in the art. HPPD 
inhibitors act on plant cells by inhibiting the synthesis of plastoquinones and of 
carotenoids. This action produces a bleaching of the plant cells which is not harmfiil to the 

20 growth of said cells, more particularly in the case of embryogenic tissues. Only the 
transformed plant cells comprising the gene for tolerance to HPPD inhibitors remain green 
and can be selected since they thus differ from the nontransformed cells. 

The present invention consists in improving such a use in such a way as to facilitate 
the process for identifying and selecting the transformed cells. A second object of the 

25 present invention consists in decreasing the time required for selecting the transformed 
plants and for producing fertile regenerated plants. Specifically, the general process for 
transforming, selecting, regenerating and recovering the seeds of fertile transformed plants 
may take several months depending on the plants imder consideration, about 10 to 18 
months in particular for plants such as soya bean. Decreasing this dviration by one or more 

30 months constitutes a definite technological and economical advantage. 

The present invention consists in introducing the HPPD inhibitor into the culture 
medium of the competent plant cells (step a) so as to bleach said cells before the 
transformation step. The bleached competent cells are then transformed with the gene for 
tolerance to HPPD inhibitors, as a selection marker, and the transformed cells which have 
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integrated said selection marker into their genome become green, enabling them to be 
selected. Such a process makes it possible to decrease the time required for selecting the 
transformed cells by several months, about 2 to 3 months. 

The present invention therefore consists of a method for transforming plant cells by 
5 introducing a heterologous gene into said plant cells with a gene for tolerance to HPPD 
inhibitors as selection markers, said method comprising the steps of: 

a) preparing and culturing competent plant cells capable of receiving the 
heterologous gene in a suitable medium, 

b) transforming the competent cells with the heterologous gene and the 
1 0 selection marker, 

c) growing and selecting the transformed cells comprising the heterologous 
gene in a suitable medium, 

characterized in that a step for bleaching the competent plant cells is carried out 
before the transformation step (b), by introducing a suitable amount of HPPD inhibitor into 
1 5 the suitable culture medium of the competent plant cells. 

The present invention also consists in producing transgenic plants comprising the 
heterologous gene integrated into their genome, and then consists in carrying out the 
following steps of: 

d) regenerating plants from the transformed cells selected in one or more 
20 suitable media and, where appropriate, 

e) producing and recovering the seeds of the fertile transformed plants. 
Preferably, the transgenic plants produced using the method according to the 

invention are fertile transgenic plants. 

The plant cells according to the invention may be plant cells from monocotyledonous 

25 or dicotyledonous plants, more particularly crop plants which may or may not be intended 
for animal or human food, preferably dicotyledonous plants, in particular tobacco, 
rapeseed, sugarbeet, potatoes, cotton or soya bean, preferably soya bean. 

The competent plant cells may be embryogenic calluses, cell cultures on a solid 
support or in suspension, or embryogenic tissues, which are well known to those skilled in 

30 the art and widely described in the literature. Advantageously, the competent plant cells are 
proliferative embryogenic tissues preferably maintained in a semi-solid medium (In Vitro 
Cell. Dev. Bioll. Plant 35 :45 1-455, 1999), and more particularly soya bean cells. The 
in vitro bleaching which is linked to the inhibition of tocopherol synthesis is not lethal and 
does not decrease cell division for these competent cells. 
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The present invention relates more particularly to a method for preparing a 
transgenic soya bean comprising a heterologous gene integrated into its genome, said 
method comprising the following steps: 

al) preparing proliferative embryogenic tissues by culturing immature zygotic 
5 soya bean embryos on a suitable inducer medium, 

a2) transferring the proliferative embryogenic tissues into a suitable culture 
medium, 

a3) bleaching the proliferative embryogenic tissues by adding a suitable amount 
of HPPD inhibitor to the culture medium, 
10 b) transforming the bleached proliferative embryogenic tissues by bombarding 

with particles coated with fragments of DNA comprising the heterologous gene and the 
gene for resistance to HPPD inhibitors, 

c) growing and selecting the transformed cells comprising the heterologous 
gene and the gene for resistance to HPPD inhibitors in a suitable culture medium 

1 5 comprising a suitable amount of HPPD inhibitor. 

d) regenerating plants from the transformed cells selected on one or more 
suitable media, 

e) producing and recovering seeds of fertile transformed soya bean comprising 
the heterologous gene and the gene for resistance to HPPD inhibitors. 

20 Advantageously, the HPPD inhibitors are chosen from isoxazoles (EP 418 175, EP 

470 856, EP 487 352, EP 527 036, EP 560 482, EP 682 659, US 5 424 276), in particular 
isoxaflutole, which is a herbicide selective for maize, diketonitriles (EP 496 630, EP 
496 631), in particular 2-cyano-3-cyclopropyl-l-(2-CH3S02-4-CF3 phenyl)propan-l,3- 
dione and 2-cyano-3-cyclopropyl-l-(2-CH3S02.4-2,3-C12 phenyl)propan-l,3-dione, 

25 triketones (EP 625 505, EP 625 508, US 5,506,195), in particular sulcotrione or 
mesotrione, and pyrazolinates. Preferably, the HPPD inhibitor is chosen from 
diketonitriles, in particular 2-cyano-3-cyclopropyl-l-(2-CH3S02-4-CF3 phenyl) propan- 
1,3-dione and 2-cyano-3-cyclopropyl-l-(2-CH3S02-4-2,3-C12 phenyl)propan-l, 3-dione, 
The suitable amount of HPPD inhibitor introduced into the suitable medium for 

30 preparing and culturing the competent cells according to the invention will depend, on the 
one hand, on the HPPD inhibitor used and, on the other hand, on the competent cells used, 
by virtue of their plant of origin and their form. Those skilled in the art will be able to 
determine this suitable amount using conventional techniques for growing the competent 
cells at various concentrations of the HPPD inhibitor used. 
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Preferably, the concentration of HPPD inhibitors is between 0.5 and 50 mg of active 
material per litre of medium, more preferably between 1 and 10 mg/L 

Advantageously, the HPPD inhibitor is applied to the competent plant cells in the 
culture medium between 1 month and 1 week before the transformation step, preferably 

5 between 15 and 10 days. Those skilled in the art will be able to determine the moment of 
appUcation of the HPPD inhibitor before the transformation, depending on the tissues to be 
transformed and on the HPPD inhibitor and its concentration, and on the kinetics of 
bleaching the tissues. A common aspect of techniques for transforming plant cells is that 
the competent plant cells must be regularly subciiltured in fresh culture media. The time 

10 between each subculturing will depend in particular on the culture medium and on the rate 
of growth of the plant cells. It is generally from 10 to 15 days. Advantageously, the HPPD 
inhibitor will be introduced into the fresh culture medixim before subculturing the cells, 
generally in the course of the final subculturing prior to the transformation step. 

The media suitable for preparing and culturing the competent plant cells, such as the 

15 media suitable for growing and selecting the transformed cells and the media for 
regenerating the transformed plants, are conventional media well knovra to those skilled in 
the art and widely described in the literature, and in particular the references cited in the 
present Patent Application. 

According to a first embodiment of the invention, the medium suitable for preparing 

20 and culturing the competent plant cells and the medium suitable for growing and selecting 
the transformed cells are identical and comprise the same concentration of HPPD inhibitor. 
According to another embodiment of the invention, they differ only in their concentration 
of HPPD inhibitor, the first medium comprising a concentration of inhibitor which is 
higher than the second, or vice versa. According to another embodiment of the invention, 

25 the media differ in their composition of nutrient elements and hormones required for the 
growth of the competent cells before and after transformation. Preferably, the two media 
are identical in their composition of nutrient elements and hormones and their 
concentration of HPPD inhibitors. 

According to a first embodiment of the invention, the medium suitable for preparing 

30 and culturing the competent cells and/or the medium suitable for growing and selecting the 
transformed cells is a D20 medium described by Santarem and Finer (In Vitro Cell. Dev. 
BioL-Plant 35 : 451-455, 1999), to which a suitable amount of HPPD inhibitor is added. 

According to a second embodiment of the invention, the medium suitable for 
preparing and culturing the competent cells and/or the medium suitable for growing and 
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selecting the transformed cells is an FNL medium described by Samoylov et aL (Plant Cell, 
Rep., 18:49-54, 1998), the detailed composition of which is given in the examples 
hereinafter, to which a suitable amount of HPPD inhibitor is added. Preferably, the two 
media are FNL media. 

5 The suitable inducer medium is preferably a D40 medium as defined in the 

examples. 

The suitable regeneration medium is preferably an SBP6 medium described by Finer 
& Nagasawa (Plant Cell. Tissue and Organ Culture 15 : 125-136, 1988), defined in the 
examples hereinafter for growing the tissues, then a medium as described by Finner & 

10 McMuUen (In Vitro Cell. Dev. Biol. 27P :175-182, 1991) for converting the tissues to 
embryos, and then an MS medium, in particular an MS medium as described in the 
examples for germinating the embryos. 

It is understood in the above and in the subsequent text that, when the heterologous 
gene, the introduction of which into the plant is desired, is a gene for tolerance to HPPD 

15 inhibitors, only the gene for resistance to HPPD inhibitors is introduced into the plant cells. 

According to a preferential embodiment of the invention, the step for transforming 
the competent cells (step b) is carried out using the particle bombardment method, it being 
understood that other equivalent methods for transferring naked DNA, such as agitating the 
competent cells in the presence of DNA and of silica fibres (Whiskers), may be used. The 

20 principle of transformation by particle bombardment is well known to those skilled in the 
art and widely described in the literature for various species of plant cells and of plants. 
For transforming dicotyledonous plants, and soya bean in particular, mention will in 
particular be made of the following references: Finer et al. (Plant Cell. Rep. 1 1 :323-328, 
1992). Transformation by particle bombardment essentially consists in aggregating 

25 firagments of DNA comprising the genes to be transferred, on metal particles which are 
then bombarded onto the competent plant cells using particle guns. The particles, like the 
machines, which allow the bombardment of the competent cells are well known to those 
skilled in the art, described in the literature and commercially available. Mention will in 
particular be made of Patents and Patent Applications US 4 945 050, EP 270 356, US 5 

30 204 253, EP 434 616, US 5 516 670, EP 535 005 and US 5 466 587. According to a 
preferential embodiment of the invention, the metal particles are particles functionalized by 
grafting aminated silicones as described in US Patent 6 068 980. 

Preferably, the genes for tolerance to HPPD inhibitors comprise, in the direction of 
transcription, a regulatory promoter sequence which is fimctional in plant cells and plants. 
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functionally linked to a DNA sequence encoding an HPPD, functionally linked to a 
regulatory terminator sequence which is functional in plant cells and plants. The sequences 
encoding HPPDs are native HPPD sequences, in particular from plants, from 
microorganisms, from fungi or from mammals, in particular the sequences described in 
5 Patent Applications WO 96/38567, US 6 087 563, WO 97/49816 and WO 99/24585. They 
are in particular sequences encoding HPPDs from Pseudomonas fluroescens, from 
Arabidopsis thaliana, from carrot, from wheat or from Symcocistys.. The sequences 
encoding HPPDs are also sequences mutated in their C-terminal portion as described in 
Patent Application WO 99/24585 or chimeric HPPDs as described in Patent Application 

10 WO 99/24586. According to a preferential embodiment of the invention, the DNA 
sequence encoding an HPPD is an HPPD sequence mutated in its terminal portion, more 
particularly a sequence comprising the W336 mutation as described in Patent Application 
WO 99/24585, more preferably the HPPD sequence from Pseudomonas fluorescens, 
comprising the W336 mutation as described in Patent Application WO 99/24585. 

16 According to a preferential embodiment of the invention, the gene for tolerance to 

HPPD inhibitors comprises, in the direction of transcription, a regulatory promoter 
sequence selected from the promoter of the RuBisCo small subunit from sunflower, 
described in Patent Application WO 99/25842, or the histone promoter from Arabidopsis 
thaliana combined with the tobacco etch virus (TEV) enhancer as described in Patent 

20 Application WO 99/24585, functionally linked to a DNA sequence encoding a transh 
peptide, preferably an optimized transit peptide, as defined hereinafter, functionally linked 
to a DNA sequence encoding an HPPD as defined above, preferably a sequence encoding 
an HPPD from Pseudomonas fluorescens, comprising the W336 mutation, functionally 
linked to a regulatory terminator sequence, in particular the NOS terminator sequence 

25 defined hereinafter. The corresponding genes for tolerance to HPPD inhibitors are 
represented, in the attached figures, by the maps of plasmids pCH73 and pCH94 and by 
their nucleotide sequences: 

pCH73 : SEQ ID NO 1, 3 '-5' representation 
Promoter : 4541-5257 

30 Optimized transit peptide: 4130-4487 

HPPDW336: 3045-4119 
NOS : 2749-3000 
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PCH94 : SEQ ID NO 2 
Promoter : 34-1272 
TEV enhancer : 1292-1421 
Optimized transit peptide: 1428-1793 
5 HPPDW336 : 1795-2869 

NOS: 2914-3165. 

Preferably, the heterologous genes encoding a protein of interest comprise, in the 
direction of transcription, a regulatory promoter sequence which is functional in plant cells 
and plants, functionally linked to a DNA sequence encoding a protein or a peptide of 

10 interest, functionally linked to a regulatory terminator sequence which is functional in 
plant cells and plants. 

The DNA sequences encoding a protein or a peptide of interest are generally 
sequences encoding proteins or peptides which confer, on the transformed plant, novel 
agronomic properties or improvement of the agronomic quality of the transformed plant. 

15 Among the genes which confer novel agronomic properties on the transformed 

plants, mention may be made of the DNA sequences encoding proteins which confer 
tolerance to certain herbicides, those which confer resistance to certain insects, those which 
confer tolerance to certain diseases, etc. Such genes are in particular described in Patent 
AppUcations WO 91/02071 and WO 95/06128. 

20 Among the DNA sequences encoding proteins which confer tolerance to certain 

herbicides on the transformed plant cells and plants, mention may be made of the Bar gene 
which confers tolerance to bialaphos, the gene encoding a suitable EPSPS which confers 
resistance to herbicides having EPSPS as a target, such as glyphosate and its salts (US 
4,535,060, US 4,769,061, US 5,094,945, US 4,940,835, US 5,188,642, US 4,971,908, US 

25 5,145,783, US 5,310,667, US 5,312,910, US 5,627,061, US 5,633,435, FR 2 736 926), the 
gene encoding glyphosate oxydoreductase (US 5,463,175), or a gene encoding an HPPD 
which confers tolerance to the herbicides which have HPPD as a target and which are cited 
above, such as isoxazoles, in particular isoxafutole (FR 95 06800, FR 95 13570), 
diketonitriles (EP 496 630, EP 496 631) or triketones, in particular sulcotrione or 

30 mesotrione (EP 625 505, EP 625 508, US 5,506,195), 

Among the DNA sequences encoding a suitable EPSPS which confer resistance to 
the herbicides which have EPSPS as a target, mention will more particularly be made of 
the gene which encodes a plant EPSPS, in particular maize EPSPS, which has two 
mutations, 102 and 106, and which is described in Patent Application FR 2 736 926, 



10 



hereinafter named EPSPS double mutant, or the gene which encodes an EPSPS isolated 
from agrobacterium and which is described by sequence ID No. 2 and sequence ID No. 3 
of US Patent 5,633,435, hereinafter named CP4. 

In the cases of the DNA sequences encoding EPSPS or HPPD, and more particularly 
5 encoding the genes above, the sequence encoding these enzymes is advantageously 
preceded by an sequence encoding a transit peptide, in particular encoding the "optimized 
transit peptide" described in US Patent 5,510,471 or 5,633,448. 

Among the DNA sequences encoding proteins of interest which confer novel 
properties of resistance to insects, mention will more particularly be made of the Bt 
10 proteins widely described in the literature and well known to those skilled in the art. 
Mention will also be made of proteins extracted from bacteria such as Photorabdus (WO 
97/17432 & WO 98/08932). 

Among the DNA sequences encoding proteins or peptides of interest which confer 
novel properties of resistance to diseases, mention will in particular be made of chitinases, 
15 glucanases and oxalate oxidase, all these proteins and their coding sequences being widely 
described in the literature, or antibacterial and/or antifimgal peptides, in particular peptides 
of less than 100 amino acids which are rich in cysteines, such as plant thionins or 
defensins, and more particularly lytic peptides of any origin comprising one or more 
disulphide bridges between the cysteines and regions comprising basic amino acids, in 
20 particular the following lytic peptides: androctonin (WO 97/30082 and WO 99/09189), 
drosomycin (WO 99/02717), thanatin (WO 99/24594) or heliomycin (WO 99/53053). 
According to a particular embodiment of the invention, the protein or peptide of interest is 
chosen from fimgal elicitor peptides, in particular elicitins (Kamoun et al., 1993; 
Panabieres et al., 1995). 

25 Among the DNA sequences encoding proteins or peptides which modify the 

constitution of the modified plants, mention may be made, in particular, of the DNA 
sequences encoding proteins or peptides which modify in particular the content and the 
quality of certain essential fatty acids (EP 666 918) or the content and the quality of the 
proteins, in particular in the leaves and/or the seeds of said plants. Mention will in 

30 particular be made of the genes encoding proteins enriched in sulphur-containing amino 
acids (Korit, A.A. et al, Eur. J, Biochem. (1991) 195, 329-334 ; WO 98/20133 ; WO 
97/41239 ; WO 95/31554 ; WO 94/20828 ; WO 92/14822). Theses proteins enriched in 
sulphur-containing amino acids will also have the function of trapping and storing excess 
methionine and/or cysteine, making it possible to avoid the possible problems of toxicity 
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which are linked to an overproduction of these sulphur-containing amino acids, by trapping 
them. Mention may also be made of the genes encoding peptides rich in sulphur-containing 
amino acids and more particularly in cysteines, said peptides also having antibacterial 
and/or antifungal activity. Mention will more particularly be made of plant defensins, as 
5 well as lytic peptides of any origin, and more particularly the lytic peptides previously 
described. Mention will also be made of the SAT proteins described in Patent Applications 
WO 00/36127, WO 00/04167 and WO 00/01833. 

As a regulatory sequence which is a promoter in plant cells and plants, use may be 
made of any promoter sequence of a gene which is naturally expressed in plants, in 

10 particular a promoter which is expressed especially in the leaves of plants, such as for 
example "constitutive" promoters of bacterial, viral or plant origin, or "light-dependent" 
promoters, such as that of a plant ribulose-biscarboxylase/oxygenase (RuBisCO) small 
subunit gene, or any suitable known promoter which may be used. Among the promoters 
of plant origin, mention will be made of the histone promoters as described in Application 

15 EP 0 507 698, or the rice actin promoter (US 5,641,876). Among the promoters of a plant 
virus gene, mention will be made of that of the cauliflower mosaic virus (CAMV 19S or 
35S), or the circovirus promoter (AU 689 311). 

Use may also be made of a regulatory promoter sequence specific for particular 
regions or tissues of plants, and more particularly promoters specific for seeds ([22] Datla, 

20 R. et al.. Biotechnology Ann. Rev. (1997) 3, 269-296), especially the napin promoter 
(EP 255 378), the phaseolin promoter, the glutenin promoter, the helianthinin promoter 
(WO 92/17580), the albumin promoter (WO 98/45460), the oelosin promoter 
(WO 98/45461), the SATl promoter or the SAT3 promoter (PCT/US98/06978, filed on 20 
October 1998, incorporated herein by way of reference). 

25 Use may also be made of an inducible promoter advantageously chosen from the 

phenylalanine ammonia lyase (PAL), HMG-CoA reductase (HMG), chitinase, glucanase, 
proteinase inhibitor (PI), PRl family gene, nopaline synthase (nos) and vspB promoters 
(US 5 670 349, Table 3), the HMG2 promoter (US 5 670 349), the apple beta-galactosidase 
(ABGl) promoter and the apple aminocyclopropane carboxylate synthase (ACC synthase) 

30 promoter (WO 98/45445). 

According to the invention, use may also be made, in combination with the promoter, 
other regulatory sequences, which are located between the promoter and the coding 
sequence, such as transcription activators ("enhancers"), for instance the translation 
activator of the tobacco mosaic virus (TMV) described in Application WO 87/07644, or of 
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the tobacco etch virus (TEV) described by Carrington & Freed, for example, or introns 
such as the adhl intron of maize or intron 1 of rice actin. 

As a regulatory terminator or polyadenylation sequence, use may be made of any 
corresponding sequence of bacterial origin, such as for example the nos terminator of 
Agrobacterium tumefaciens, of viral origin, such as for example the CaMV 35S terminator, 
or of plant origin, such as for example a histone terminator as described in Application 
EP 0 633 317. 

The sequences encoding an HPPD, like the sequences encoding a protein or peptide 
of interest, may comprise functionally linked in 5' or in 3', sequence encoding signals for 
targetmg into various compartments of the plant cell, such as chloroplasts, mitochondria or 
the vacuole. Such signals are described in the literature and are well known to those skilled 
in the art. The chloroplast transit peptides may be simple, such as an EPSPS transit peptide 
(US 5,188,642) or a plant ribulose-biscarboxylase/oxygenase small subunit (RuBisCO ssu) 
transit peptide, optionally comprising some amino acids of the N-terminal portion of the 
mature RuBisCO ssu (EP 189 707), or a multiple transit peptide comprising a first plant 
transit peptide fiised to a portion of the N-terminal sequence of a mature protein located in 
the plastid, fused to a second plant transit peptide as described in Patent EP 508 909, and 
more particularly the optimized transit peptide comprising a sunflower RuBisCO ssu 
transit peptide fused to 22 amino acids of the N-terminal end of maize RuBisCO ssu fused 
to the maize RuBisCO ssu transit peptide as described with its coding sequence in Patent 
EP 508 909. 

The examples hereinafter make it possible to illustrate the invention for the 
transformation of soya bean, without, however, seeking to limit the scope thereof. 

All the methods or procedures described below in these examples are given by way 
of examples and correspond to a choice made firom the various methods available in order 
to attain the same result. Most of the methods for engineering DNA fragments are 
described in "Current Protocols in Molecular Biology" Volumes 1 and 2, Ausubel P.M. et 
al., published by Greene Publishing Associates and Wiley-Interscience (1989) or in 
Molecular cloning, T.Maniatis, E.F.Fritsch, J.Sambrook,1982. 

The content of all the references cited in the description above and in the examples 
hereinafter is incorporated into the contents of the present Patent Application by way of 
reference. 
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Example 1 : Technology for transforming so va bean 

The technology used for transforming soya bean has been described by Santarem & 
Finer: Transformation of soya bean (Glycine max (L.) Merrill) using proliferative 
embryogenic tissue maintained on semi-solid medium. In Vitro Cell. Dev. Biol. Plant 35 : 
5 451-455, 1999. It comprises the steps hereinafter. 

Immature zygotic embryos (from 3 to 4 mm) are aseptically dissected and placed 
with the adaxial side upwards in a medium comprising 2.4D (D40). 

D 40 is a Murashige and Skoog medium described in: Murashige «& Skoog: A 
revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiol. 
10 Plant. 15 : 473-497; 1962: NH4NO3: 1650 mg/1; H3BO3: 6.2mg/l; CaCl2.2H20: 
332.2 mgA; C0CI2.6H2O: 0.025 mgA; CUSO4.5H2O: 0.025 mg/1; NajEDTA: 37.26 mg/l; 
FeS04.7H20: 27.8 mg/1; MnS04.7H20:16.9 mg/1; Na2Mo04.2H20: 0.25 mgA; KI: 
0.83 mg/1; KNO3: 1 900 mg/1; KH2PO4: 170 mg/1; ZnS04.7H20: 8.6 mg/1, with Gamborg 
35 vitamin mix described by: Gamborg, Miller and Ojima: Nutrient requirements of 
15 suspension cultures of soya bean root cells. Exp. Cell Res. 50 : 151-158, 1968: myo- 
inositol: 100 mg/1; nicotinic acid: 1 mg/1; pyridoxine-HCl: 1 mg/1; thiamine-HCl: 10 mg/1; 
40 mg/1 of 2.4-D and 6% sucrose; 0.3% gehite, pH 7.0. 

After culturing for 3 weeks in D40 medium, the cotyledons are transferred onto a 
D20 medium which comprises essentially the same elements as the D40 medium, with the 
20 exception of the 2.4D concentration, which is decreased to 20 mg/1, and the sucrose 
concentration, which is decreased from 60 g/1 to 30 g/1, at pH 5.7. 

On this medium, the somatic embryos begin to proliferate in the form of compact 
aggregates or clumps. The embryogenic clumps are then transferred every two weeks onto 
a new D20 medium in order to increase the production of tissues. Five or six transfers 
25 (approximately 3 months) onto this medium are necessary in order to optimize their 
competence at transformation. The use of embryogenic tissues which are at an earlier stage 
produces much poorer results. 
Transformation of tissues 

Particle bombardment is used for transforming the embryogenic tissues. 
30 Particle preparation: fimctionalized tungsten (M17) particles are prepared according 

to US Patent 6 068 980. The particles are fimctionalized by grafting aminated silicones as 
the vectorization element, and washed in absolute ethanol. 2.5 mg of particles in ethanol 
are mixed with 3 |ag of DNA. After precipitation, the particles are pipetted and used for 
two shots with a particle gun of the PIG type described by Finer, Vain, Lones and 
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McMuUen in: Development of the Particle Inflow Gun for DNA delivery to plant cells. 
Plant Cell Rep. 11 : 323-328, 1992. 

Before the bombardment, the tissues are dried under vacuum under a laminar-flow 
hood for 5 to 1 0 min, and then placed between two 500 p-m screens and bombarded twice. 
5 After the bombardment, the tissues are transferred twice onto D20 (2x 10 days) 

before beginning the selection with hygromycin (30 mg/1). 

In order to avoid handling tissues and to gain time, the bombarded calluses are 
placed on a sterile gauze screen fixed with two metal rings (Figure 2) which enable direct 
contact between the embryogenic tissues and the solid medivim. The gauze screens are 
10 transferred onto fresh media every 15 days until green calluses are observed. It is 
understood that the principle of callus transfer described above is not limited to soya bean 
calluses and to selection with hygromycin, but may be used for any method for culturing 
tissues and cell suspensions which requires fi^equent changing of culture medium. 

Amplification and regeneration of tissues 
1 5 The green calluses which grow on medium comprising hygromycin are amplified for 

1 month on SBP6 medium described by Finer & Nagasawa in: Development of an 
embryogenic suspension culture of soya bean (Glycine max Merill.) Plant Cell. Tissue and 
Organ Culture 15: 125-136, 1988: Na2EDTA: 37.24 mg/l; FeS04.7H20: 27.84 mg/1: 
MgS04.7H20: 370 mg/1; MnS04.H20: 16.9 mg/l; ZnS04.H20: 8.6 mg/1; CUSO4.7H2O: 

20 0.025 mg/l, CaCl2.2H20: 440 mg/l; KI: 0.83 mg/l; CoCl2,6H20: 0.025 mg/l; KH2PO4: 
170 mg/l; H3BO3: 6.2 mg/l; Na2Mo04.2H20: 0.25 mg/l; myo-inositol: 100 mg/l: nicotinic 
acid: 1 mg/l; pyridoxine-HCl: 1 mg/l; thiamine-HCl: 10 mg/l; NH4NO3: 800 mg/l; KNO3: 
3 000 mg/l; asparagine: 670 mg/l; 6% sucrose; 2.4-D: 5 mg/l, pH 5.7. 

When sufficient tissues have been produced, they are then converted to embryos 

25 using a medium described by Finer & McMuUen in: Transformation of soya bean via 
particle bombardment of embryogenic suspension culture tissue. In Vitro Cell. Dev.Biol. 
27P: 175-182, 1991. 

After 3-4 transfers onto this medium, the embryos are air-dried in a Petri dish for 

2 days before germination on a Murashige & Skoog medium (B5 vitamins) at half strength 
30 with 1 5 g/1 of sucrose and 7 g/1 of phytagar, pH 5.7. 

When the plants are well developed, they are transferred into a "jiffy P^t" peat-based 
substrate for a period of 10 days in order to acclimatize before being transferred under 
glass. 
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This technology using the gauze screen and selection with hygromycin makes it 
possible to regenerate 200 calluses per person and per year. 

Example 2: Transformation of the tissues according to the invention 

5 The same selection method was developed for the HPPD inhibitors, with a D20 

medium comprising 2 mg/1 of isoxaflutole or 0.5 to 5 mg/1 of diketonitriles. The gene for 
tolerance to HPPD inhibitors which was used as a selection marker is pCH73 or pCH94 
represented in Figure 1 . 

10 to 15 days prior to the bombardment, the isoxaflutole or the diketonitriles are 

10 introduced into the D20 medium, at the abovementioned concentrations, so as to bleach the 
tissues. After bombardment, the tissues are placed directly in the same D20 medium 
comprising 2 mg/1 of isoxaflutole or diketonitrile (between 0.5 and 5 mg/1) and transferred 
into a fresh medium every 15 days. After 4 transfers onto the isoxaflutole, green calluses 
are identified and amplified as described in Example 1 . The time required for producing 

15 calluses of cells which are competent for the bombardment is 3 and a half months. The 
selection of the transformed cells (green calluses) occurs approximately 6 months after the 
initiation of the calluses for the transformation (Figure 3). 

When the tissues are transferred for selection on the isoxaflutole, they are rapidly 
bleached by the herbicide, without any inhibition of growth being observed. This is due to 

20 the fact that the absence of carotenoids, of chlorophyll and of tocopherols is not essential to 
the growth of tissues. 

The results obtained with and without prior bleaching are represented in Table 1 
hereinafter. 

25 Table 1; Transformation on D20 medium 



Bleaching 


pCH73 


pCH94 


Attempt 


1 


2 


3 


1 


2 


3 


Before bombardment 


0 


0.5 


0.25 


0.67 


1 


2 


After bombardment 


0 


0 


0.25 


0.67 


0.33 


0.25 



They show, in particular for pCH94, a greater number of calluses identified when 
initiating the selection before the bombardment according to the invention. This greater 
number of calluses selected is linked to the improvement of the selection process according 
30 to the invention by facilitating the identification of the transformed calluses. 



16 



Examples; Choice of medium 

In order to improve the selection process according to the invention, an attempt was 
made to decrease the number of tissue transfers and the time reqmred for producing 
5 calluses of competent cells and green calluses selected after bombardment. To this effect, 
the D20 medium previously used was replaced with a modified FNL medium which allows 
rapid proliferation of the tissues. 

The FNL medium has been described by Samoylov, Tucker, Thibaud-Nissen & 
Parrott in: A liquid-medixun-based protocol for rapid regeneration from embryogenic soya 
10 bean cultures: Plant Cell Rep, 18: 49-54, 1998. 

This medium makes it possible to produce tissues ready for bombardment more 
rapidly, greater embryogeny and shorter transfer cycles. 

Composition of the FNL medium: Na2EDTA: 37.24 mg/1; FeS04, THaO: 27.84 mg/1; 
MgS04, 7H2O: 370 mg/1; MnS04. H2O: 16.9 mg/1; ZnS04, H2O: 8.6 mg/1; CUSO4. 7H250: 
15 0.025 mg/1; CaCl2. 2H2O: 440 mg/1; KI: 0.83 mg/1; C0CI2. 6H2O: 0.025 mg/1; KH2PO4: 
170 mg/1; H3BO3: 6.2 mg/1; Na2Mo04. 2H2O: 0.25 mg/1; myo-inositol: 100 mg/1; nicotinic 
acid: 1 mg/1; pyridoxine-HCl: 1 mg/I; thiamine-HCl: 10 mg/1; (NH4)2S04: 460 mg/1; 
KNO3: 2820 mg/1; asparagine: 670 mg/1; 1% sucrose; 2.4-D: 10 mg/1; 0.3% gelrite; pH 5.7. 
However, in the absence of prior bleaching, the amoimt of tissues to be manipulated 
20 during the selection process remains too great, comparable to that of the D20 medium due 
to the considerable rate of the development. 

The bombardment of tissues bleached with isoxaflutol according to the invention 
requires only one transfer of calluses before the selected green calluses are produced, 
against 4 when using the D20 medium. 
25 The time required for producing calluses from cells which are competent for the 

bombardment is 2 months, the transformed green calluses being selected approximately 3 
months after the initiation of the calluses for transformation (Figure 3), 

The results of transformation with the plasmides pCH73 and pCH94 are given in 
Table 2 hereinafter. 
30 Table 2: Transformation on FNL medium 



Bleaching 


pCH73 


PCH94 


Attempt 


1 


2 


3 


1 


2 


3 


4 


Before bombardment 


1 


1.5 


0.33 


1 


1 


0.33 


1.5 


After bombardment 


0.25 


0 
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. The mean number of green calluses selected per transformation trial when using the 
bleached tissues according to the invention is 1 per shot. This table also shows that, with 
prior bleaching of the tissues, the same transformation frequencies are produced for the 
5 two genes pCH73 and pCH94, whereas the RuBisCo ssu promoter of pCH73 is known to 
be weakly expressed in calluses in vitro, unlike the histone promoter of pCH94. 

The use of the FNL medium in combination with the prior bleaching of the tissues 
according to the invention makes it possible to substantially decrease the time required for 
selecting the green calluses and the work load for the entire process of transforming the 
10 plants. 



